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[57] ABSTRACT 

In a light-emitting element drive circuit in an active matrix 
display device, at least one current-control transistor con 
trols a current ?owing through a light-emitting element. The 
current-control transistor and the light-emitting element are 
connected in parallel to each other. Aconstant current source 
is connected to a junction between one electrode of the 
light-emitting element and one electrode of the transistor 
through Which the current 8s controlled to 110W. The other 
electrodes of the light-emitting element and the transistor are 
connected to a common electrode Which may be grounded 
via a resistor. In other con?guration, it may be arranged that 
the light-emitting element and a capacitance are connected 
in parallel to each other. In this case, the current-control 
transistor is connected to a junction betWeen the light 
emitting element and the capacitance so as to use charging 
and discharging operations of the capacitance for driving the 
light-emitting element. 

6 Claims, 17 Drawing Sheets 
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CURRENT-DEPENDENT LIGHT-EMITTING 
ELEMENT DRIVE CIRCUIT FOR USE IN 
ACTIVE MATRIX DISPLAY DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This patent application is a division of the US. patent 

application Ser. No. 08/941,026, ?led Sep. 30, 1997 now 
US. Pat. No. 5,940,053, and the complete contents of that 
?le are herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

The present invention relates to an active matrix display 
device using current-dependent light-emitting elements as 
pixels at cross points in the matrix form, and in particular, 
to a current-dependent light-emitting element drive circuit 
used at each of cross points. 

In a conventional active matrix display device, a plurality 
of ?rst lines or scanning lines extend in parallel With one 
another and a plurality of second lines or data lines extend 
perpendicular to the ?rst lines to form a plurality of cross 
points arranged in a matrix form. A current-dependent 
light-emitting element drive circuit is connected to one of 
the ?rst lines and one of the second lines at each of the cross 
points to form one of the pixels in the display device. The 
current-dependent light-emitting element drive circuit com 
prises the current-dependent light-emitting element to be 
connected to a current source. A current control transistor is 
coupled to the ?rst and the second lines and is connected in 
series With the current-dependent light-emltting element. 
The current control transistor controls current ?oWing 
through the current-dependent light-emitting element from 
the current source in response to selection signals selectively 
applied to the ?rst and second lines. The current-dependent 
light-emitting element emits light With an intensity depen 
dent on the current controlled. 

As the current-dependent light-emitting elements, organic 
and inorganic EL (electroluminescence) elements, and LEDs 
(light-emitting diodes) are used and their luminance is 
dependent on or controlled by the current ?oWing in the 
element. 

The display device has been Widely used in televisions, 
portable terminals and the like, Wherein the character display 
is performed on the dot matrix by arranging the light 
emitting elements in a matrix array. 

It is advantageous that the display does not require the 
backlighting as opposed to the liquid-crystal display 
devices, and is large in the angle of visibility. 

The display device of the active matrix type performs the 
static drive by combination of the transistors and the light 
emltting elements and is capable of providing high 
luminance, high contrast, high accuracy and the like as 
compared With the passive matrix type display Which per 
forms the dynamic drive. 

Conventional display devices of the active matrix type are 
disclosed in JP-A-2 148687 and in a paper entitled 
“DESIGN OF A PROTOTYPE ACTIVE MATRIX CdSe 
TFT ADDRESSED EL DISPLAY” by J. Van?eteren et al, 
Eurodisplay ’90, Society for Information Display, pp. 
216—219. 

HoWever, in the conventional active matrix display 
device, a transistor is connected to the light emitting element 
in series and controls the current ?oWing therethrough. 
Therefore, the light intensity or luminance of the light 
emitting element is also changed in dependence on variation 
of properties of the transistors. This results in impossibility 
of correct control of the light intensity emitted. 
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2 
Further, When the light-emitting element in repeatedly 

driven at a high frequency by repeatedly scanning the 
scanning lines in the display device, a user is caused by 
?ickering to be tired to Watch the display. 

SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide an improved active matrix drive circuit for light 
emitting elements. 

It is another object of the present invention to provide an 
active matrix display device having a current-dependent 
light-emittlng element drive circuit Which is capable of 
driving a current-dependent light-emitting element With a 
stable light intensity in no relation to the variation of 
properties of a current controlling transistor. 

It is another object of the present invention to provide an 
active matrix display device having a current-dependent 
light-emitting element drive circuit Which is capable of 
prolonging light emission of a current-dependent light 
emitting element With a decreasing intensity even after a 
current control transistor is turned off to thereby protect a 
user from uncomfortableness of the light ?ickering. 

It is another object of the present invention to provide an 
active matrix display device having a current-dependent 
light-emitting element drive circuit Which is capable of 
driving the current-dependent light-emitting element With a 
reduced current and voltage. 

According to the present invention, an active matrix 
display device can be obtained Which comprises: a plurality 
of ?rst lines extending in parallel With one another; plurality 
of second lines extending perpendicular to the ?rst lines to 
form a plurality of cross points arranged in a matrix form; 
and a plurality of current-dependent light-emitting element 
drive circuits, each disposed at each of the cross points and 
connected to one of the ?rst lines and one of the second lines 
at each of the cross points to form one of pixels in the display 
device. Each of the current-dependent light-emitting ele 
ment drive circuit comprising: constant current supplying 
means to be connected to a poWer source for supplying a 

constant current; the current-dependent light-emitting ele 
ment connected in series With the constant current supplying 
means; and sWitching means connected in parallel With the 
current-dependent light-emitting element for controlling 
current ?oWing through the current-dependent light-emitting 
element from the constant current supplying means, the 
sWitching means being coupled With the ?rst line and the 
second line and being controlled betWeen an ON and an OFF 
conditions by selection signals selectively applied to the ?rst 
and the second lines. 
According to an aspect, each of the current-dependent 

light-emitting element drive circuit further comprises sWitch 
control means coupled to the ?rst and the second lines for 
processing the selection signals from the ?rst and the second 
lines to produce a sWitch control signal. The sWitching 
means turns on and off dependent on the sWitching control 
signal. 

According to another aspect, the sWitching means com 
prises a plurality of sWitching elements connected in parallel 
With one another. Each of the sWitching elements is selec 
tively turned on and off. 

According to another aspect, the sWitch control means 
comprises a plurality of sWitch control elements responsive 
to the selection signals for producing element control signals 
as the sWitch control signal to control the sWitching 
elements, respectively. 

According to the present invention, another active matrix 
display device can be obtained Which comprises: a plurality 
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of ?rst lines extending in parallel With one another; a 
plurality of second lines extending perpendicular to the ?rst 
lines to form a plurality of cross points arranged in a matrix 
form; and a plurality of current-dependent light-emitting 
element drive circuits, each disposed at each of the cross 
points and being connected to one of the ?rst lines and one 
of the second lines at each of the cross points to form a pixel 
in the display device. Each of the current-dependent light 
emitting element drive circuit comprises: the current 
dependent light-emitting element having a ?rst terminal to 
be connected to an external current supply means and a 
second terminal, the current-dependent light-emitting ele 
ment having a second terminal; current control means 
coupled to the ?rst and the second lines and connected to the 
second terminal of the current-dependent light-emitting ele 
ment for controlling current ?oWing through the current 
dependent light-emitting element from the current supplying 
means in response to selection signals selectively applied to 
the ?rst and the second lines; and capacitor connected in 
parallel With the current-dependent light emitting element. 

According to another aspect, ?rst terminal of the light 
emitting element is connected to a different one of the ?rst 
lines to be supplied With a current. 

According to the present invention, another active matrix 
display device is obtained Which comprises: a plurality of 
?rst lines extending in parallel With one another; a plurality 
of second lines extending perpendicular to the ?rst lines to 
form a plurality of cross points arranged in a matrix form; 
and a plurality of current-dependent light-emitting element 
drive circuits disposed at cross points, each being connected 
to one of the ?rst lines and one of the second lines at each 
of the cross points to form a pixel in the display device. The 
current-dependent light-emitting element drive circuit com 
prising: the current-dependent light-emitting element having 
a ?rst terminal to be connected to an external current supply 
means and a second terminals, the current-dependent light 
emitting element having a second terminal; capacitor having 
a ?rst capacitor terminal connected to the ?rst terminal of the 
current-dependent light-emitting element, the capacitor hav 
ing an opposite second terminal; ?rst current control means 
coupled to the ?rst and the second lines and connected to the 
second capacitor terminal of the capacitor for controlling 
current ?oWing through the capacitor from the current 
supplying means in response to selection signals selectively 
applied to the ?rst and the second lines; and second current 
control means coupled to the second line and connected 
betWeen the second capacitor terminal of the capacitor and 
the second terminal of the light emitting element, for sup 
plying a current from the capacitor to the light-emitting 
diode, When the second current control means is turned on 
in absence of the selection signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram shoWing a conventional active 
matrix display device; 

FIG. 2 is a circuit diagram shoWing another knoWn drive 
circuit of a light-emitting element; 

FIG. 3 is a diagram shoWing a gate voltage to source 
current relation of a transistor; 

FIG. 4 is a circuit diagram shoWing another knoWn drive 
circuit of a light-emitting element; 

FIG. 5 is a circuit diagram shoWing a structure of a ?rst 
embodiment of the present invention; 

FIG. 6 is a diagram shoWing an example of a gate 
voltage-versus-drain current characteristic of a ?eld-effect 
transistor shoWn in FIG. 5; 

1O 

15 

25 

35 

45 

55 

65 

4 
FIG. 7 is a diagram shoWing an example of a current 

density-versus-luminance characteristic of an organic thin 
?lm EL element shoWn in FIG. 5; 

FIG. 8 is a circuit diagram shoWing a modi?cation of the 
structure shoWn in FIG. 5; 

FIG. 9 is a circuit diagram shoWing another modi?cation 
of the structure shoWn in FIG. 5; 

FIG. 10 is a circuit diagram shoWing a structure of a 
second embodiment of the present invention; 

FIG. 11 is a plan vieW shoWing a structure of a third 
embodiment of the present invention; 

FIG. 12 is a sectional vieW taken along line 12—12 in 
FIG. 11; 

FIG. 13 is a diagram shoWing an equivalent circuit of the 
structure shoWn in FIGS. 11 and 12; 

FIGS. 14A to 14C are diagrams, respectively, shoWing 
signal Waveforms representing voltages on selected points in 
the circuit of FIG. 13, and FIG. 14D is a diagram shoWing 
luminance variations With and Without a capacitance con 
nected in parallel to a light-emitting element; 

FIG. 15 is a plan vieW shoWing a structure of a third 
embodiment of the present invention; 

FIG. 16 is a sectional vieW taken along line 16—16 in 
FIG. 11; 

FIG. 17 to a diagram shoWing an equivalent circuit of the 
structure shoWn in FIGS. 11 and 12; 

FIGS. 18A to 18C are diagrams, respectively, shoWing 
signal Waveforms representing voltages on selected points in 
the circuit of FIG. 17, and FIG. 18D is a diagram shoWing 
luminance variations With and Without a capacitance con 
nected in parallel to a light-emitting element; 

FIG. 19 is a plan vieW shoWing a structure of a fourth 
embodiment of the present invention; 

FIG. 20 is a sectional vieW taken along line 20—20 in 
FIG. 19; 

FIG. 21 is a diagram shoWing an equivalent circuit of the 
structure shoWn in FIGS. 19 and 20; and 

FIGS. 22A to 22C are diagrams, respectively, shoWing 
signal Waveforms representing voltages on selected points in 
the circuit of FIG. 21, and FIG. 22D is a diagram shoWing 
a luminance variation With a capacitance connected in 
parallel to a light-emitting element. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Prior to description of preferred embodiments, knoWn 
active matrix display devices are described for facilitate 
understanding of the present invention. 

Referring to FIG. 1, a conventional active matrix display 
device shoWn therein comprises a plurality of ?rst lines or 
scanning lines 145 extending in parallel With one another 
and a plurality of second lines or data lines 146 extending 
perpendicular to the ?rst lines 151 to form a plurality of 
cross points arranged in a matrix form. A current-dependent 
light-emitting element drive circuit 147 is connected to one 
of the ?rst lines 145 and one of the second lines 146 at each 
of the cross points to form the pixel in the display device. 

In the shoWn example, the current-dependent light 
emitting element drive circuit 147 comprises the current 
dependent light-emitting element 148 to be connected to a 
current source (not shoWn). A current control transistor 149 
is coupled to the ?rst and the second lines 145 and 146 and 
is connected in series With the current-dependent light 
emitting element 148 and connected to the second terminal 


















